The objective of this study was to determine the influence of rumen-protected protein supplemented with the amino acids lysine (Lys), methionine (Met) and histidine (His) added either as a powder or in the form of rumen-protected tablets to the rumen of dairy cows on the yield, composition and technological suitability of milk. The experiment was carried out on three lactating Holstein cows with an average weight of 523 kg fitted with ruminal and duodenal cannulas. The experiment was divided into 4 periods of 14 d (10 d preliminary period and 4 d experimental period). In the first period one cow received the tablets (T) and the other two received the non-tableted mixture (C) with the same composition. In the subsequent period the design was opposite. Cows were fed a diet based on maize silage, lucerne hay and a supplemental mixture. Powder or tablets consisted of purified soya-protein HP 300, Lys, Met and His. Average milk yield in C cows was 16.73 kg and was significantly lower than in T cows (17.8 kg; P<0.05). Protein, fat and lactose contents were unaffected by the treatment. Protein yield was lower (529.5 g/d) in the C than in the T (569.3 g/d; P<0.05) cows. The increase in milk protein yield in T cows was followed closely by progressive increases in casein content (2.46 vs 2.68%). The content of short-and medium-chain fatty acids was higher and the proportion of C18:1, C18:2, C18:3n3 and C20:1 was lower in the C than in the T (P<0.05) animals. The proportion of UFA (both MUFA and PUFA) was increased and that of SFA in milk (P<0.05) was decreased in the T animals. The total SFA:UFA ratio was higher in C compared with T cows (1.89 vs 1.52; P<0.05).
INTRODUCTION
The maximum production of animal protein (i.e. milk, meat etc.) is influenced by the amounts and percentages of individual digestible amino acids (AA) supplied in feed. To achieve and maintain high productivity it is necessary to meet postruminal digestible protein requirements. One of the most effective ways is to provide the deficient AA in a ruminally protected form.
Most studies (e.g., recently Rulquin and Delaby, 1997) agree that Lys and Met are the most critical amino acids for milk protein yield in dairy cows. Korhonen et al. (2000) mentioned His as the first limiting AA in diets based on grass silage and, according to Vanhatalo et al. (1999) His has been identified as a potentially limiting AA for milk production. Other authors mentioned as limiting the combinations of Met with Leu (Krober et al., 2001 ) and/or with His and Arg (Xu et al., 1998) . The problem of limiting AA has been relatively well investigated in studies on the supply of Met and Lys but not enough data are available for other AA or their combinations.
Milk is considered to be an important part of human nutrition, however, it has a rather unfavourable fatty acid composition. From the viewpoint of human nutrition (i.e. with regard to the need to reduce plasma cholesterol) it is desirable to increase the content of C18 fatty acids (including stearic acid) and to decrease levels of myristic (C14:0) and palmitic (C16:0) acids. The results of experiments performed by Christensen et al. (1994) or Pisulewski et al. (1996) suggest that AA may have an impact on de novo synthesis of short-and medium-chain fatty acids in the mammary gland.
The objective of this study was to confirm the hypothesis that supplementing a rumen-protected mixture of soya protein and amino acids (Lys, Met and His) in the form of copolymer-coated tablets to the rumen of lactating dairy cows increases the milk protein content and yield in comparison with the non-protected powder form of the mixture.
MATERIAL AND METHODS

Animals and procedures
Three lactating Holstein cows (lactation 1-3) with similar milk production and mean liveweight (523 kg) were used in the experiment. The cows were fitted with duodenal and ruminal cannulas and were housed in individual tie stalls bedded with sawdust.
The experiment, starting on week 17-35 of lactation, was divided into 4 periods. Each period (14 d) consisted of a 10-day preliminary period and a 4-day experimental period. In the first period, one cow received the tablets (T) and the other two received the non-tableted mixture (C) with the same composition. In the subsequent period, the design was opposite.
Cows were fed individually twice daily (7.00 and 16.35 h) ad libitum with the diet based on maize silage, lucerne hay and a supplemental mixture (Table 1) diets were formulated to meet energy and protein (Sommer et al., 1994) and amino acid (Rulquin et al., 2001) requirements. Refusals were registered every day. Rumen-protected tablets consisted of, %: purified soya-protein HP 300, 93; Lys, 1.6; Met, 2.4 and His, 3.0. Daily intake of these ingredients were 306, 5.7, 8.8 and 10.6 g, respectively. The tablets (diameter 6.5 mm, lenticular in shape), produced by the authors according to Ardaillon et al. (1989) , were coated by a copolymer according to patent No. US 4,877,621. The non-tableted mixture of soya-protein and three amino acids (C) or tablets (T) were applied during the whole period (14 d) twice a day just before feeding. The tablets or mixture were wrapped in filter paper and inserted into the bottom of the rumen via the ruminal cannula.
Analytical procedures
Proximal analyses of feeds and orts were carried out in each period according to AOAC (1984) . Refusals were monitored daily, with an aliquot analysed.
Cows were milked twice daily at 7.15 and 17.15 h. Milk samples were taken at each milking, conserved by 2-bromo-2-nitropropane-1.3-diol (Bronopol) and cooled to 6°C. Milk composition was analysed by an infrared analyser (Bentley Instruments 2000, Bentley Instruments Inc., USA). The urea content was determined using an UREAKVANT apparatus.
Proportional samples (just cooled) were analysed for pH, titratable acidity (Soxhlet-Henkel °SH), milk conductivity (Milk Checker, Oriental Instruments Ltd., Japan), freezing point (Milk Cryoscope 4D2, Advanced Instruments, Inc., USA), free fatty acids, casein (precipitation with 10% acetic acid, measured on a Kjeltec auto, 1030). In addition, somatic cell count was measured on a Somacount 500 (Bentley Instruments Inc., USA).
Extracted milk fat (50-60 mg) was dissolved in isooctane and homogenized by ultrasound. After the addition of sodium methanolate the mixture was heated under a reverse cooler. FA were released in the form of fatty acid methyl esters (FAMEs) which were separated using a HP 4890D gas chromatograph (HewlettPackard, USA) with an Omegawax TM250 capillary column (30 m × 0.25 mm i.d. × 0.25 μm). The temperature range was from 80 to 240°C with a temperature increase of 5°C/min. Injector and detector temperatures were 280 and 300°C, respectively. Nitrogen was the carrier gas. FAMEs were detected with a flame ionization detector and identified according to retention times using Supelco 37 component FAME Mix (Supelco, USA) external fatty acid standards.
Statistical analysis
Data obtained in the experiment were analysed using the GLM procedure of the Statgraphics 7.0 package according to the following model:
where µ = general mean, T i = treatment effect (i=2), C j = cow effect (j=3), P k = period effect (k = 4) and ε ijk = error term.
RESULTS
The intake of dry matter and other nutrients except fat and ADF was significantly lower (P<0.05) for cows receiving powder (C) than for cows receiving tablets (T), as presented in Table 2 . Milk yield and composition are given in Table 3 , daily yield of milk constituents is shown in Table 4 . Milk yield and casein content recorded in C animals was significantly lower than in T cows (P<0.05). FCM in 4% yield did not differ significantly (P>0.05) between treatments. Although milk protein content did not show statistically significant variations (P>0.05) the milk protein yield from C cows was lower than from T (P<0.05) animals. Furthermore, the increase in milk protein yield in T was followed closely by progressive increases in casein content and yield (P<0.05). Based on the data mentioned above, C milk had a lower proportion of casein proteins in total milk protein (77.6%) than T milk (83.5%). Table 2 The contents of fat and lactose were within normal physiological ranges and were not affected by treatment (P>0.05). The concentration of urea in C milk was significantly higher than in T milk (P<0.05).
Because of the differences in DM intake, daily yield and composition of milk was converted according to dry matter intake (Table 5 ). Recalculated mean milk Table 2 yield, 4% FCM, milk fat yield reached almost the same values, whereas milk protein yield was not affected (P>0.05) but tended to be higher when tablets (T) were given. Recalculated casein yield was significantly higher (P<0.05) when soya protein and amino acids were supplemented in the form of tablets (T).
The mean values of somatic cell counts (SCC) were similar in both groups. None of the characteristics of milk processability observed differed significantly (P>0.05) between treatments (Table 6 ). Table 2 Milk fatty acid profiles are presented in Table 7 . The proportions of shortchain fatty acids (C4:0 -C12:0) were decreased (P<0.05) when soya-protein and AA in the form of rumen-protected tablets (T) were supplemented. Addition of tablets (T) reduced the proportion of C14:0 and C16:0 medium-chain fatty acids (P<0.05). Monounsaturated medium-chain FA were not significantly affected (P>0.05) by the treatment. The content of C18:1, C18:2, C18:3n3 and C20:1 was lower in C milk (P<0.05) compared with T milk. Administration of soya-protein and AA in the form of rumen-protected tablets (T) increased the proportion of unsaturated FA (both MUFA and PUFA) and decreased saturated FA in milk (P<0.05). The total saturated:unsaturated fatty acid ratio was higher Table 2 3 saturated fatty acids 4 unsaturated fatty acids 5 monounsaturated fatty acids 6 polyunsaturated fatty acids on the C treatment compared with T (P<0.05). The yields of individual fatty acids are presented in Table 8 . The yield of short-and medium-chain fatty acids was not affected by the treatment (P>0.05). The daily yield of the following unsaturated fatty acids: C18:1, C18:2n, C18:3n3, C20:1, C22:5n3 was significantly lower Table 2 3 saturated fatty acids 4 unsaturated fatty acids 5 monounsaturated fatty acids 6 polyunsaturated fatty acids (P<0.05) in C milk than in T milk. The higher yield of unsaturated fatty acids in T mentioned above resulted in lower SFA:UFA, SFA:MUFA and SFA:PUFA ratios (P<0.05).
DISCUSSION
The major part of the amino acid requirement of lactating dairy cows is met by postruminal digestion of microbial protein, nevertheless, diets for highyielding cows may not meet the requirements for all amino acids. Volden et al. (1998) found that the mean rumen escape values of threonine, methionine and lysine given intraruminally in non-protected form were 16.7, 22.1 and 20.5%, respectively. The response to feeding protected amino acids reported in the literature is variable depending on the source of protein in the basal diet. The postruminal supply of specific amino acids can be increased by supplementing the diet with polymerically encapsulated amino acids (Papas et al., 1984) . Methionine alone in this form has failed to improve milk yield or growth in ruminants (Papas et al., 1984) while another form of rumen-protected methionine added to diets containing soyabean meal as the supplemental protein source has increased milk production. In the presented experiment, a mixture of soyaprotein and the amino acids Met, Lys and His was encapsulated by copolymer and proved more effective than the same mixture without encapsulation, as discussed in details later.
In the experiment we found that the dry matter intake of cows receiving tablets (T) was significantly higher (P<0.05), thus the intake of other nutrients was also higher. Similar responses or non-significant trends were presented in other studies (e.g., Schwab et al., 1992; Vanhatalo et al., 1999) . On the other hand, in some studies no effect of rumen-protected Met or duodenally infused Lys on feed intake was observed (e.g., Rulquin and Delaby, 1997) .
Published results from studies when Lys, Met and His have been supplemented in rumen-protected form or infused postruminally are scarce and there is no study on the effect of supplementing soya-protein + these three amino acids. We found that the average milk yield recorded in C was significantly lower than that in T. Similarly, Vanhatalo et al. (1999) observed that the milk yield of cows increased (P=0.01) after infusions of 6.5 g His + 6 g Met + 19 g Lys compared with the control group without AA infusions, whereas energy corrected milk (ECM) yield was not affected. In our experiment, milk yield recalculated to 4% FCM was not influenced by the form of AA supplementation (P>0.05). Fraser et al. (1991) suggested His in microbial protein to be the only limiting AA for milk production and reported also significant reduction in milk and milk protein yields due to removal of Lys and His, but not Met, from an abomasal infusion of EAA mixture in cows that were maintained by total intragastric infusion of nutrients.
Although the milk protein percentage did not differ significantly (P>0.05), the milk protein yield from C cows was lower than that from T cows (P<0.05). Furthermore, the casein content and yield recorded in T was higher (P<0.05) as was the proportion of casein proteins in total milk protein. Our findings are in agreement with Vanhatalo et al. (1999) who did not find any effects of Met, Lys and His infusions on the protein content of milk, however, they noted that the milk protein content was higher (P=0.02) when His was combined with Met rather than Lys. Infusions of the three amino acids did, however, increase the milk protein yield (P=0.007) and consequently raised the protein-to-fat ratio of milk (P=0.007). Cant et al. (1997) have shown that removal of His from abomasally infused mixtures of AA caused reduced yields of milk protein. Choung and Chamberlain (1995) reported an increase of 26% in the protein yield of cows fed a grass silage diet in response to intravenous infusion of an AA mixture including His, Lys, Met and Trp. Removal of Met from the mixture did not affect protein yield. From comparison of AA concentrations in microbial and whole digesta and feeds used in the experiment, they concluded that His is the first-limiting AA in the mixture of the remaining three amino acids infused abomasally in their experiment. Similarly, by comparing bacterial AA composition in relation to milk protein, Oldham (1987) suggested that His could be the first limiting AA in ruminants. The significant increases in yields of milk and milk protein caused by administration of rumen-protected tablets containing soya-protein, Lys, Met and His into the rumen of cows confirms the general claim that Met and Lys are the first-limiting AA for production and His is a potentially third limiting AA in maize-based diets. The differences in responses to AA suggest that the basal diet and the nutritional status of the cow have important effects on responses. Published values of the arterial His concentration on maize silage (e.g., Schwab et al., 1992; Pisulewski et al., 1996) , have varied in the range of 35 to 76 µmol/L and thus have been much higher than the respective concentrations on grass silage diets (Vanhatalo et al., 1999) . That is why recent AA infusion studies (Vanhatalo et al., 1999; Huhtanen et al., 2002) suggest that His is the first-limiting AA on grass silage, cereal-based diets.
The contents of fat and lactose observed in our study were within normal physiological ranges and were not affected by treatment (P>0.05). This is in contrast to the study performed by Vanhatalo et al. (1999) who found that the lactose and fat contents decreased (P<0.03) when Met, Lys and His were infused together, but that the fat content tended to be higher (P=0.08) when His was combined with Met rather than Lys. On the other hand, neither the infusions of the three amino acids (Vanhatalo et al., 1999) nor the tablets (T) affected lactose and fat yields. We found that the concentration of urea in C was significantly higher than that found in T, which is in disagreement with Vanhatalo et al. (1999) who observed that infusions of His in combination with Met and Lys had no influence on milk urea content. They mentioned, however, that milk urea tended to be lower when all three AA were infused together as compared with the combinations of two AA. Similar results were presented by Pisulewski et al. (1996) who found that the urea concentration in milk was not affected by graded amounts of Met infusion.
Because of the differences in DM intake, daily yield and composition of milk were recalculated according to dry matter intake. Recalculated mean milk yield, 4% FCM, milk fat and milk protein yield were not influenced by treatment (P>0.05). Similarly Schwab et al. (1992) found that treatment did not affect the efficiency of production of 4% FCM from dry matter intake. We observed, however, a higher recalculated casein yield (P<0.05) after supplementation of soya-protein with amino acids in the form of tablets (T).
None of the observed characteristics important for technological suitability of milk differed significantly between treatments (P>0.05). The results obtained from this experiment are different from those presented by Grega et al. (1999) , who found that rumen-protected Met or Met+Lys favoured the qualities required for cheese milk.
After the administration of tablets (T), the proportion of short-and mediumchain FA decreased (P<0.05). Our findings are in discrepancy with Christensen et al. (1994) who found that supplementation of rumen-protected AA to the diet tended to increase the proportion of C10:0 and slightly increased the proportions of C12:0 and C14:0 in milk fat. The proportion of C16:1 was lower, and the proportion of C18:1 was slightly lower in milk fat from cows supplemented with rumen-protected AA. Similarly, Pisulewski et al. (1996) found that the infusion of Met into the duodenum of early lactating cows increased the proportions of short-and medium-chain fatty acids and decreased the proportion of long-chain fatty acids in milk fat. That is why he suggested that Met may have an impact on de novo synthesis of short-and medium-chain fatty acids in the mammary gland.
The ratios of the main groups of fatty acids are considered to be very important markers of healthy human nutrition. In this experiment, the SFA content in C milk was significantly higher and the UFA content was lower (P<0.05) than in T milk. Reducing the SFA content and increasing that of long-chain UFA have been associated with increased healthfulness of milk. In terms of human health, these changes may represent an improvement in the FA profile of milk because mediumchain FA and SFA have been reported to constitute the hypercholesterolemic portion of milk fat. Although the SFA content in C milk was higher (63.43) than in T (58.88; P<0.05), the T milk contained more of stearic acid. Kennely and Glimm (1998) suggest, however, that stearic acid, despite its saturated nature, is as effective as C18:1 in reducing plasma cholesterol in humans. Despite milk being considered a relatively poor source of essential PUFAs (Kennely and Glimm, 1998) , after administration of tablets (T) the experimental group had a significantly higher (P<0.05) content of PUFA than the control group.
CONCLUSIONS
Mean milk yield expressed in 4% FCM, protein, fat and lactose content was unaffected by the supplementation of the rumen-protected protein and amino acids in the form of tablets, nevertheless the protein content tended to increase and the fat content tended to decrease when tablets were given. Protein yield was higher and was followed closely by progressive increases in casein content and yield, a higher proportion of casein protein in total milk protein was observed as well when the tablets were given to cows. The proportions of short-and medium-chain fatty acids were decreased and the content of C18:1, C18:2, C18:3n3 and C20:1 in milk was increased with AA supplementation. The proportion of UFA (both MUFA and PUFA) increased and SFA decreased when tablets were given. Thus, the results reported in the current study suggest that supplementation with rumenprotected tablets containing soya-protein and limiting amino acids (Lys, Met, His) is an effective way to influence milk yield and composition.
